Introduction. Extensive research suggests that long-term cigarette smoking is an independent risk factor for the introduction of sexual dysfunction in men. However, results of limited data investigating this relationship in women are mixed. No studies have examined the acute effects of tobacco or nicotine on physiological sexual response in women. Controlled experimental studies examining acute effects of isolated nicotine intake on female physiological sexual responses are necessary in order to help elucidate tobacco's potential role in the development and/or maintenance of sexual impairment in women. Aim. To examine whether isolated nicotine intake acutely affects sexual arousal responses in nonsmoking women. Methods. Twenty-five sexually functional women (mean age = 20 years) each with less than 100 direct exposures to nicotine completed two counterbalanced conditions in which they were randomized to received either nicotine gum (6 mg) or placebo gum, both administered double-blind and matched for appearance, taste, and consistency, approximately 40 minutes prior to viewing an erotic film. Main Outcome Measures. Physiological (changes in vaginal pulse amplitude via vaginal photoplethysmography) and subjective (continuous self-report) sexual responses to erotic stimuli were examined, as well as changes in mood. Results. Nicotine significantly reduced genital responses to the erotic films (P = 0.05), corresponding to a 30% attenuation in physiological sexual arousal. This occurred in 11 of 18 women with valid physiological assessments. Nicotine had no significant effect on continuous self-report ratings of sexual arousal (P = 0.45), or on mood (all Ps > 0.05). Conclusions. Acute nicotine intake significantly attenuates physiological sexual arousal in healthy nonsmoking women. Our findings provide support to the hypothesis that nicotine may be the primary pharmacological agent responsible for genital hemodynamic disruption, thereby facilitating a cascade of biochemical and vascular events which may impair normal sexual arousal responses. Harte CB, and Meston CM. The inhibitory effects of nicotine on physiological sexual arousal in nonsmoking women: Results from a randomized, double-blind, placebo-controlled, cross-over trial.
Introduction
C igarette smoking is the most preventable cause of morbidity and premature mortality worldwide [1, 2] . Smoking introduces a wide range of diseases including, but not limited to, many types of cancer [3] , cardiovascular diseases (e.g., coronary heart disease, peripheral vascular disease, hypertension, stroke) [4] [5] [6] , and respiratory diseases [7] . Tobacco use elicits enormous consequences, with an estimated $157 billion in healthrelated economic losses each year within the United States alone [2] and approximately five million premature deaths annually worldwide [8] .
Impairment in sexual functioning has also been reported as a sequela of long-term tobacco intake.
Extensive literature indicates that cigarette smoking is an independent risk factor for introducing vasculogenic erectile impairment in men [9] [10] [11] and that these individuals are approximately 1.5 to two times as likely as nonsmokers to report erectile dysfunction [12] [13] [14] [15] [16] [17] [18] [19] . However, limited research has investigated this link in women, and results are mixed [20] [21] [22] .
The complex processes by which long-term smoking may deleteriously affect physiological mechanisms underlying sexual function is not clearly understood. Sexual arousal in men and women is a complex neurovascular event in which smooth muscle relaxation promotes arterial inflow to the genitals thereby facilitating vasocongestion [23] . Nitric oxide (NO) produced within genital endothelial cells has been identified as the principal neurotransmitter mediating these vascular events in men [24, 25] and may be the primary regulator of vaginal hemodynamics in women [26] . Pathophysiological underpinnings of chronic tobacco-induced sexual impairment have been proposed in response to the wide range of research examining the effects of cigarette smoking on biochemical mechanisms underlying vascular functioning [27] . Several studies have clearly shown that smoking is associated with decreased NO in arteries [28] and veins [29] . In light of these findings, investigators have proposed that free radicals and other compounds found within cigarettes may decrease the synthesis of NO directly, or indirectly by targeting precursors, resulting in decreased genital vasoengorgement in men [30] [31] [32] .
Few studies have focused on the acute effects of smoking on physiological sexual response and none have investigated these effects in female subjects. One animal study [11] reported impaired genital vasocongestion in dogs after approximately 10 minutes of acute tobacco smoke exposure. Similar results have been demonstrated in human males in response to cigarette smoking [33] . However, because chronic cigarette smoking may cause vascular degeneration [34] , uncertainty arises as to whether the acute effects of tobacco smoke on sexual arousal differentially affect longterm smokers compared with nonsmokers. Additionally, nicotine dosing via tobacco smoking is difficult to control. Many factors such as number of puffs, intensity of puffing, depth of inhalation, and variation in puff volume can influence nicotine plasma concentration levels [35] . Use of cigarettes may also introduce other effects on responding because of the familiarity of the method of administration, including a participant's expectancies of smoking effects [36] . Finally, cigarettes contain thousands of pharmacological constituents making it impossible to tease apart the primary element or group of interacting pharmacological compounds responsible for observed psychological and physiological effects.
In an attempt to address these issues, Harte and Meston [37] conducted a placebo-controlled cross-over trial examining the acute effects of isolated nicotine in nonsmoking men and revealed that nicotine significantly attenuated physiological sexual arousal responses. These findings are in accordance with those of other studies examining the deleterious acute effects of isolated nicotine on sexual arousal [38] and peripheral vasculature [29, 39] . To our knowledge, there have been no published studies examining isolated nicotine's effects on sexual functioning in women or in female animal models. Considering that the hemodynamic processes of sexual arousal in women are similar to that in men; and considering that NO isoforms have been shown to be present in genital epithelia of both men (i.e., penile [23] ) and women (i.e., vaginal [40] , clitoral [41] ), one may speculate that smoking may affect physiological mechanisms underlying sexual arousal in men and women similarly. This may be the result of nicotine and/or particular tobacco compounds exerting their effects in the following ways: (i) centrally, by eliciting dose-dependent neurotransmitter and neuroendocrine effects [42] ; (ii) peripherally, by acting as a sympathetic nervous system (SNS) agonist; or (iii) by disrupting NO synthesis directly or indirectly by targeting biochemical precursors. Complex interactions among these pathways may also exist [43] .
Aim
The present study was designed to help elucidate the mechanisms that underlie sexual functioning in women by which cigarette smoking may elicit deleterious consequences. As a first step to begin to understand these potential processes, nonsmoking women were tested; this was in order to rule out aforementioned confounds that may be specific to long-term smokers. This study extends previous research by (i) isolating nicotine, which is the primary pharmacological ingredient responsible for the acute cardiovascular effects of cigarette smoking; and (ii) providing the first empirical investigation of the acute effects of isolated nicotine on sexual arousal in nonsmoking women measured both physiologically (via vaginal photoplethysmography) and subjectively (via continuous self-report).
Methods

Participants
Participants were women recruited from an undergraduate psychology subject pool, and via local community and university advertisements. During an initial telephone interview, potential participants were screened for inclusion/exclusion criteria, and were told that they would receive nicotine during one of the experimental sessions. Entry criteria included people who were between the ages of 18 and 30 years, and who reported no more than 100 direct exposures to nicotine during their lifetime. Exclusion criteria were as follows: (i) current self-reported sexual complaints within domains of sexual desire, sexual arousal, and sexual pain, and/or a history of treatment for sexual dysfunction; (ii) use of medications known or believed to affect sexual or vascular functioning, with the exception of hormonal contraceptives; (iii) medical conditions known to affect sexual functioning, or that could make nicotine administration unsafe; (iv) mandibular problems, and/or bridgework or dentures; (v) history of high or low blood pressure (vi) having a sexually transmitted disease; (vii) having a nonheterosexual orientation; and (viii) no current involvement in a heterosexual relationship. Heterosexuality was operationally defined as self-report of exclusive, or predominant oppositegender sexual feelings and/or behaviors (i.e., scores of 0, 1, or 2) as assessed using the Kinsey Sexual Orientation Scale [44] . Menstrual cycle phase was not controlled given that both physiological and subjective sexual arousal to erotic stimuli in laboratory situations is only minimally, if at all, influenced by the menstrual cycle [45, 46] .
Study Design and Procedure
The design and procedure of this study were identical to our counterpart study [37] investigating the acute effects of nicotine in nonsmoking men. In brief, this study consisted of two counterbalanced experimental conditions, to which eligible participants were randomly given either nicotine (6 mg; approximately equivalent to smoking one highyield nicotine cigarette) or placebo, both administered double-blind in gum form. 1 Participants had their heart rates and systolic and diastolic blood pressures monitored prior to drug administration and approximately 30 minutes after drug administration-when nicotine reaches its peak plasma nicotine level. Participants fit the vaginal photoplethysmograph and a 5-minute adaptation recording was taken to assess baseline arousal. Participants were randomized to view one of two 12.5-minute audiovisual sequences that consisted of a 1-minute display of the word "relax" followed by a 3-minute neutral (nonsexual) film segment, and then a 8.5-minute erotic film depicting heterosexual sexual activity. Participants were instructed to continuously monitor their level of subjective sexual arousal by moving a computer mouse positioned on an adjacent table. After assessment of sexual arousal, participants removed the gum, and completed questionnaires assessing any adverse effects. All participants provided written informed consent, and either received credit toward their psychology research requirement or were financially compensated ($30). The protocol was approved by the University of Texas at Austin Institutional Review Board.
Main Self-Report Outcome Measures
Subjective arousal (CSA) was measured continuously using a hand-controlled device [52] which consisted of a computer optical mouse mounted on a track divided into seven equally spaced intervals, where 0 indicated neutral, and 1 to 7 reflected increasingly higher levels of feeling sexually aroused. The position of the pointer, with respect to the y axis of the computer's monitor, was recorded with a software program written in MatLab (The MathWorks, Inc., Natick, MA, USA). The signal was low-pass filtered (to 0.5 Hz), and digitized (40 Hz).
To screen for absence of sexual functioning, participants completed the Female Sexual Function Index (FSFI) [53] which is comprised of six subscales: sexual interest/desire (two items); sexual arousal (four items); lubrication (four items); orgasm (three items); sexual satisfaction (three items); and sexual pain (three items). Participants were excluded from analysis if they reported a total score of less than 26. This cut-off value has been demonstrated to have sensitivity of 0.81 and 1 Studies that have used similar nicotine preparations have reported that one 4-mg nicotine gum piece increases plasma nicotine levels by approximately 8-10 ng/mL within 30 minutes, and has a half-life of approximately 120 minutes [47] [48] [49] [50] . Comparatively, a high-yield (0.7-1.2 mg) nicotine cigarette increases plasma nicotine levels by approximately 14 ng/mL within 10 minutes [51] . Six mg of nicotine gum was administered such that a participant's plasma nicotine level would be comparable to smoking one cigarette. specificity of 0.86 to correctly classify women with and without sexual dysfunction [54] . Additionally, women were excluded if they reported an FSFI arousal score of less than 4.1. This cut-off was determined by taking the midpoint of the mean FSFI arousal score of women diagnosed with Female Sexual Arousal Disorder (M = 3.09) and that of controls (M = 5.08) [54] .
A short version of the Profile of Mood States (POMS-SF) [55] was administered to examine whether changes in mood in response to nicotine administration may mediate sexual arousal responses (e.g., increased tension and/or confusion may distract one from processing sexually relevant cues, resulting in decreased sexual arousal). Mood responses were summarized as scores reflecting six mood states: tension (six items); depression (eight items); anger (seven items); fatigue (five items); confusion (five items); and vigor (six items). Scores on the six primary mood factors were summed (with vigor weighed negatively) to yield a total mood disturbance score. The POMS-SF has demonstrated acceptable internal consistency (Cronbach's alpha values of 0.80 and higher) [55] and has proven sensitive to short-and long-term changes in mood [56] [57] [58] [59] . Difference scores for all six mood factor scores as well as the total mood disturbance score were computed by subtracting the baseline (before nicotine or placebo administration), from the assessment taken 30 minutes after drug administration.
In order to assess any adverse effects attributed to either placebo or nicotine administration, participants completed a 10-item questionnaire developed in our laboratory that included both bogus (blurred vision, dry eyes, fatigue, runny nose, hiccups), and rationally driven (throat irritation, headache, nausea, light headedness, dizziness) items. Participants were asked to rate each of the items on a 5-point scale according to the degree to which they experienced each sensation, ranging from 0 (not at all) to 4 (extremely), and scores were summed within the two factors.
Main Physiological Outcome Measures
Genital arousal was assessed via vaginal photoplethysmography [60] to detect changes in vaginal pulse amplitude (VPA), an indicator of vaginal vasocongestion, specific to sexual arousal [61] . The raw signal was recorded in millivolts and sampled at a rate of 80 samples/second throughout the entire 180 seconds of neutral film and 510 seconds of erotic film, low-pass filtered (0.5-30 Hz), digitized (40 Hz) , and recorded using the software package AcqKnowledge III, Version 3.73 (BIOPAC Systems, Inc., Santa Barbara, CA, USA) and a Model MP100WS data acquisition unit (BIOPAC Systems, Inc., Santa Barbara, CA, USA). Artifacts caused by movement or contractions of the pelvic muscles were deleted after visual inspection of the data [61] .
Heart rates and systolic and diastolic blood pressures were assessed using an Omron HEM-712C automatic inflation digital blood pressure and pulse monitor (Omron Healthcare, Inc., Bannockburn, IL, USA) prior to gum administration and at 30 minutes following administration of nicotine or placebo. Heart rates during the film sequence presentations were extracted from the vaginal photoplethysmography signal. Heart rates were averaged separately across the neutral and erotic films, yielding a total of four heart rate measures (one prior to drug administration, one 30 minutes after drug administration, two during the film sequence) for each participant per experimental condition.
Data Reduction
In accordance with other studies assessing physiological sexual arousal [62, 63] , both genital and self-report arousal measures were z-transformed across both experimental conditions withinsubjects in order to attenuate the effects of idiosyncratic variation in responsiveness. Final VPA and CSA scores were then computed for both the neutral and erotic films by averaging across the neutral and erotic stimuli. Because not all participants demonstrate sufficient sexual arousal for valid assessment, their physiological and subjective data were removed from analyses if the minimum response to sexual stimuli did not exceed their response to the neutral stimulus by at least 0.5 standard deviations within the placebo condition. The exclusion criteria are similar to that used by other researchers [64] and yielded the exclusion of two participants with respect to analyses of physiological sexual arousal. All participants demonstrated reliable CSA responses. Excluding nonresponders was particularly important in order to distinguish physiological attenuation attributed to nicotine administration from idiosyncratic nonresponsiveness otherwise not because of nicotine intake.
Statistical Analysis
Initial Pearson product moment correlation coefficients were calculated to investigate potential confounding variables with respect to sexual arousal indices. Specifically, age and a participant's body nicotine concentration (body weight is inversely proportional to plasma nicotine concentration level) measured in mg/kg where entered as independent variables with participants' levels of physiological and subjective sexual arousal as dependent measures. None of the analyses were statistically significant (all Ps > 0.05; all R 2 s < 0.10) and therefore neither age nor body nicotine concentration was entered as covariates in subsequent analyses.
A 2 (condition: nicotine, placebo) ¥ 2 (film: neutral, erotic) repeated measures analysis of variance (anova) was used to examine the effects of nicotine in comparison with placebo on standardized VPA and CSA scores. The effects of nicotine in comparison with placebo on heart rate and systolic and diastolic blood pressure scores were examined using separate condition ¥ time repeated measures anovas. Paired samples t-tests were used on standardized VPA and CSA cores, and heart rate scores between and within the nicotine and placebo conditions during the neutral and erotic film presentations, on heart rate and systolic and diastolic blood pressure scores prior to and 30 minutes after either nicotine or placebo administration, and on subjective ratings of mood, and on both potential and bogus nicotine-induced adverse effects, between the placebo and nicotine conditions.
All analyses were performed using spss statistical software version 14.0 (SPSS, Inc., Chicago, IL, USA). A two-tailed a of P < 0.05 was considered statistically reliable for all analyses with the exception of analyses of self-reported mood and adverse effects in which more conservative a levels of 0.007 (P < 0.05/7), and 0.025 (P < 0.05/2) were used, respectively, by employing Bonferroni corrections. Standardized effect sizes (i.e., Cohen's d) were reported when comparing two groups. Measures of variance, such as h 2 and R 2 , were reported when comparing more than two groups and magnitude of association, respectively. All variances, effect sizes, and post hoc power analyses were calculated according to the guidelines proposed by Cohen [65] .
Results
Sample Characteristics
Fifty-one women completed the initial telephone screening. Of these individuals, 11 reported being uninterested in participating, seven were ineligible, and eight did not show for their appointments. Twenty-five women met initial inclusion criteria and completed the two experimental sessions. Of these participants, data on five women were excluded from subsequent analyses because they did not meet the two-fold FSFI cut-off criteria. The final sample (N = 20) had a mean age of 20.2 years (SD, 2.26; range, 18-25), reported a mean of 4.9 (SD, 8.52; range, 0-30) direct exposures to nicotine during their lifetime, and all women reported no passive exposure to tobacco smoke for more than 30 minutes/day at least once per week. One participant reported a medical condition (asthma), three reported currently taking antihistamines, and one participant reported being diagnosed with anxiety, although the particular type was not specified. Of the 11 women reporting current hormonal contraceptive use, seven reported using oral contraceptives, two reported using a contraceptive vaginal ring, one participant followed a quarterly hormonal injection regimen, and one did not specify type. The mean duration of hormonal contraceptive use was 2.1 years (SD, 1.39; range 0.2-4.0). Characteristics of the participant sample are presented in Table 1 .
Analyses of Physiological Sexual Arousal
With respect to participants that produced reliable physiological sexual arousal responses (N = 18), a repeated measures anova with condition (nicotine, placebo) and film type (neutral, erotic) as withinsubjects factors revealed a significant main effect of the erotic films on standardized VPA scores (F 1,17 = 29.79, P < 0.001, h 2 = 0.64) and a significant interaction between condition and film (F 1,17 = 5.61, P = 0.03, h 2 = 0.25). Specifically, significant increases in standardized VPA responses to the erotic films were demonstrated in both nicotine (t 17 = 2.78, P = 0.01, d = 0.65) and placebo (t 17 = 7.55, P < 0.001, d = 1.78) conditions indicating that the audiovisual stimuli were effective in eliciting reliable physiological sexual responses. However, participants demonstrated significantly less physiological sexual arousal in response to nicotine administration during the erotic films compared with placebo (t 17 = -2.10, P = 0.05, d = 0.49). This occurred in 11 of 18 women and corresponded to a 30% reduction in physiological sexual arousal. There was no significant difference in standardized VPA scores between nicotine and placebo conditions during the neutral films (t 17 = 0.71, P = 0.49, d = 0.17). Mean standardized VPA scores for the nicotine and placebo conditions during the neutral and erotic film stimuli are presented in Figure 1 .
Analyses of Continuous Subjective Sexual Arousal
Data from four participants were not interpretable because of equipment and/or software malfunction, and therefore analyses of self-reported sexual arousal were conducted on the remaining subsample with valid assessments (N = 16). The condition (nicotine, placebo) ¥ film (neutral, erotic) repeated measures anova revealed a significant main effect of the erotic films on standardized CSA scores (F 1,15 = 1,108.01, P < 0.001, h 2 = 0.99), but no significant interaction bet- Figure 2 .
Analyses of Heart Rate
The condition (nicotine, placebo) ¥ time (four time measures: one prior to drug administration, one 30 minutes after drug administration, two during the film sequence) repeated measures anova revealed a statistical trend for a main effect of condition (F 1,19 = 3.51, P = 0.076, h 2 = 0.16) as well as a significant condition ¥ time interaction (F 1,19 = 4.96, P = 0.01, h 2 = 0.47). No significant between-condition differences in heart rate were demonstrated prior to drug administration (t 19 = 0.22, P = 0.83, d = 0.05); however, participants showed significantly higher heart rates at 30 minutes after the administration of nicotine compared with placebo (t 19 = 2.94, P = 0.01, d = 0.66), and during the erotic (approximately 38 minutes after nicotine administration), film presentation after nicotine administration (t 19 = 2.61, P = 0.02, d = 0.58). Additionally, participants demonstrated a statistical trend for higher heart rates during the neutral (approximately 35 minutes after nicotine administration) film stimuli after nicotine administration compared with placebo (t 19 = 1.95, P = 0.067, d = 0.43). These findings suggest that nicotine was demonstrating its effects on cardiovascular function during assessment of sexual arousal. Heart rates did not differ within conditions between any of the cardiovascular assessments (all Ps > 0.05). Mean heart rates in beats per minute (ϮSD) prior to and 30 minutes after placebo administration, as well as during both the neutral and erotic film stimuli within the placebo condition were 83.8 (Ϯ7.7), 78.9 (Ϯ8.3), 81.4 (Ϯ8.4), and 81.7 (Ϯ7.9), respectively. Mean heart rates prior to and 30 minutes after nicotine administration, as well as during both the neutral and Mean FSFI total score is based on a scale of 2 to 36, with 2 indicating the most severe sexual difficulties and 36 indicating the least severe (or no difficulty). § A direct exposure to nicotine was defined as ingesting nicotine pulmonarily (e.g., smoking a cigarette, cigar, or pipe), or buccally (e.g., chewing smokeless tobacco), as opposed to passive nicotine exposure which was defined as ingesting nicotine via indirect means (i.e., passive smoke exposure). FSFI = Female Sexual Function Index.
erotic film stimuli within the nicotine condition were 83.1 (Ϯ9.4), 86.7 (Ϯ8.7), 86.0 (Ϯ8.5), and 87.1 (Ϯ8.8), respectively.
Analyses of Blood Pressure
There were no significant effects of condition or time, and no significant interaction between condition and time for either systolic or diastolic blood pressure scores (all Ps > 0.05). Mean blood pressure scores in mm Hg (ϮSD) prior to placebo administration, 30 minutes after placebo administration, prior to nicotine administration, and 30 minutes after nicotine administration, were 111.8 (Ϯ10.6), 112.5 (Ϯ9.0), 113.5 (Ϯ9.2), and 115.0 (Ϯ11.0), respectively.
Analyses of Mood
One participant did not give self-reported mood ratings during one experimental session and therefore this participant was excluded from analyses of mood. Data from remaining participants (N = 19) indicated that there were no significant effects of condition for any of the six mood factor scores (all Ps > 0.05) nor for the overall mood disturbance score (t 18 = -1.33, P = 0.20, d = 0.31) indicating that changes in mood in response to drug administration did not change differentially between placebo and nicotine conditions.
Analyses of Adverse Effects
Two participants did not give self-reported ratings of adverse effects during one of the experimental sessions and therefore data from these participants were not included within analyses of adverse effects. Data from remaining participants (N = 18) indicated a significant increase in self-reported ratings of both bogus (t 17 = 3.08, P < 0.01, d = 0.73) and potential (t 17 = 5.56, P < 0.001, d = 1.31) adverse effects in response to nicotine administration.
Post Hoc Analyses
Participants reported more adverse effects during the nicotine condition compared with the placebo condition, and therefore we investigated whether subjective ratings of nicotine-induced symptomatology covaried with physiological sexual arousal. Difference scores were separately derived within subjects for both standardized VPA scores and potential adverse effects scores. Values assessed during the placebo condition were subtracted from values assessed during the nicotine condition (i.e., VPA nicotine condition minus VPA placebo condition; adverse effects nicotine condition minus adverse effects placebo condition) for women displaying reliable genital arousal and were entered into a regression model. This comprised a subsample of 16 participants. Results of the analysis indicated that the correlation was not statistically significant (r 14 = -0.13, P = 0.64, R 2 = 0.016) and the magnitude of self-reported adverse effects accounted for less than 2% of the variance in physiological sexual arousal. That is, there was no statistical relationship between increased drug symptomatology and reduced genital response.
Given that the majority of participants reported currently using hormonal contraceptives, we conducted a follow-up analysis in order to determine whether statistically significant findings with respect to nicotine's attenuating effects on genital responses were a result of hormonal contraceptive use. Difference scores were derived within subjects by subtracting each participant's mean standardized VPA score during the neutral stimulus from her mean standardized VPA score during the erotic stimulus for both the placebo and nicotine conditions for women displaying reliable genital arousal. This comprised a subsample of 17 participants. A 2 (condition: nicotine, placebo) ¥ 2 (contraceptive status: current hormonal contraceptive use, no current hormonal contraceptive use) repeated measures anova revealed a significant main effect of condition (F 1,15 = 10.08, P < 0.01, h 2 = 0.40), but no significant interaction between condition and contraceptive status (F 1,15 = 1.98, P = 0.18, h 2 = 0.12). This indicated that irrespective of hormonal contraceptive status, women demonstrated significantly less genital responses during the nicotine condition compared with placebo. However, visual inspection of the data suggested a trend that women taking hormonal contraceptives were less likely to demonstrate impaired physiological sexual arousal in response to nicotine administration (see Figure 3) . Although a total of 12 of 17 women demonstrated less genital arousal during the nicotine condition compared with the placebo condition, a disproportionate number of women who reported no current hormonal contraceptive use (six of seven women) demonstrated nicotine-induced attenuated arousal compared with those who reported currently using hormonal contraceptives (six of 10 women).
Discussion
The current study examined the acute effects of isolated nicotine, an adrenergic agonist, on physiological and subjective sexual arousal responses in healthy nonsmoking women. Results indicated that nicotine significantly attenuated physiological sexual arousal to erotic stimuli. On one hand, these results are consistent with literature delineating nicotine's effects on instigating cardiovascular constriction via SNS activation [66] . On the other hand, these findings are inconsistent with a growing body of literature suggesting a curvilinear relationship between SNS activity and sexual arousal, such that moderate levels facilitate, high levels inhibit, and low levels of SNS activation have less of a facilitatory effect on sexual arousal responses [67] [68] [69] . In order to examine the magnitude of nicotine-induced SNS activity, percentage of maximum heart rate was derived for each participant.
2 Mean (ϮSD) SNS activity was 45.3% HR max Ϯ 4.56 during the nicotine condition which corresponded to a low to moderate level of SNS activity [71] . This is contradictory to prior research indicating that SNS activation of a similar magnitude facilitates rather than attenuates physiological sexual arousal in healthy sexually functional women. It is possible that nicotine diminished genital arousal in women via central nervous system effects or by directly targeting biochemical mechanisms underlying NO synthesis. Given there is more direct evidence substantiating the role of NO mechanisms within the clitoris compared with within vaginal epithelia [23, 72] , an investigation of nicotine's effect on genital arousal using clitoral Doppler ultrasonography as opposed to vaginal photoplethysmography would be a better methodology for testing this latter hypothesis.
Nicotine did not significantly affect selfreported sexual arousal. Because nicotine may have induced a variety of undesirable effects (e.g., dizziness, throat irritation) that could have distracted women from processing sexual cues, the absence of nicotine-induced attenuation in subjective sexual arousal supports the notion that nicotine reduces genital arousal directly via physiological mechanisms, rather than indirectly by impacting cognitive processes. Similar to subjective measures of sexual arousal, experimental condition did not moderate self-reported measures of mood. Taken together, these findings suggest that diminution in genital sexual arousal in response to nicotine treatment is not likely a byproduct of nicotine's effects on cognitive states.
More adverse effects were reported in response to nicotine administration compared with placebo which is consistent with studies investigating physical effects of nicotine replacement therapies in never-smokers [73, 74] . It is essential to distinguish whether subjective ratings of adverse effects potentially confounded the relationship between the psychopharmacological effects of nicotine and attenuated physiological sexual arousal. Post hoc analyses revealed no relationship between reduced genital arousal and increased drug symptomatology. This indicates that reduction in sexual arousal in response to nicotine administration is likely to be directly attributable to underlying biochemical and physiological involvement rather than an epiphenomenon of adverse effects.
Strengths of the present investigation include: (i) administration of isolated nicotine in gum form which established relatively fast and stable plasma nicotine concentration levels; (ii) assessing only young healthy women without a history of smoking, thereby precluding potential cardiovascular consequences that may deleteriously affect sexual functioning. Additionally, no women reported any incidence of passive smoke exposure, effects of which may have vascular consequences [75] ; (iii) use of a randomized, double-blind, placebo-controlled, cross-over protocol; and (iv) assessment of continuous subjective and physiological sexual responses using rigorous quantitative methods.
Several limitations of this study warrant mention. First, participants demonstrated increments in heart rates in response to nicotine administration that could often be detected by the experimenters. Although a thorough protocol was maintained in order to preserve double-blindness, it is, for the most part, infeasible to preserve experimenter blindness in studies investigating cardiovascular effects of adrenergic agents. Second, expectancies about drug content or its actions may be responsible for observable druglike effects [76] . Eighteen of 20 women correctly identified the session during which they ingested nicotine, and it is possible that participants' expectancies concerning nicotine's effects on sexual arousal may have influenced the results of this study. However, if there were participant expectancies at play-whether they were with respect to nicotine's potential facilitory or inhibitory effect on sexual functioning-they would most likely have expressed themselves within the self-report measure of sexual arousal. Because this measure did not differ between nicotine and placebo conditions, it is unlikely that expectancy effects accounted for the differential changes in physiological arousal. Another limitation is with respect to the method of nicotine delivery. Nicotine was administered via commercially manufactured set doses within gum pieces, a format which cannot be standardized for participant body 2 HRmax = 206.3 -0.711 (age) [70] . Percentage of maximum heart rate (% HRmax) was calculated with the following formula: [(c/HRmax) ¥ 100], where c denotes each participant's mean heart rate during the erotic film presentation during the nicotine condition.
weight with a reasonable degree of precision. Consequently, moderate variability in plasma nicotine concentrations would have been present among the participant sample. Although women's body nicotine concentrations were not correlated with their magnitude of subjective or physiological sexual responses, individual differences in nicotine metabolism may exist, irrespective of nicotine dosing [77] .
The majority of women who participated in this study reported using hormonal contraceptives which could be an important moderator with respect to the relationship between nicotine and sexual arousal. Although post hoc analyses indicated that there was no statistically significant interaction with respect to hormonal contraceptive status and experimental condition, a clear trend was observed suggesting that women taking hormonal contraceptives were less likely to demonstrate impaired physiological sexual arousal in response to nicotine administration. This is in line with evidence suggesting that nicotine metabolism is faster in women taking oral contraceptives compared with those who are not [78] . Future studies of this nature would benefit from including larger heterogeneous samples in order to establish what factors (e.g., formulation, duration of use), if any, pertaining to hormonal contraceptive use interact with nicotine's acute effects on genital hemodynamic processes.
A final limitation is with respect to the overall sample size. Although this study used a cross-over protocol which increases statistical power, the sample size (N = 20) was still quite low. It was not possible to conclude with a reasonable degree of certainty (i.e., Power Ն 0.80) that-given the observed effect sizes-nicotine was not exerting moderating effects with respect to analyses of subjective sexual arousal (Power = 0.26), as well as post hoc analyses of adverse nicotine effects (Power = 0.10) and hormonal contraceptive use (Power = 0.18).
This study was conducted in nonsmoking women in order to examine the pure effects of nicotine on physiological and psychological processes. Clearly, additional studies are needed in order to determine whether these results hold true for women who are current long-term smokers. Addressing import issues with respect to the effects of smoking on sexual arousal, such as (i) a participant's experience with nicotine (novelty effects vs. potential physiological habituation); or (ii) duration-dependent deleterious effects of longterm smoking, would be necessary in order to generalize the results of the current study to women who smoke.
Conclusion
The results of the present study provide the first empirical evidence that isolated nicotine significantly reduces physiological sexual arousal in healthy, young, nonsmoking women. Our findings provide support to the hypothesis that nicotine may be the primary pharmacological agent responsible for genital hemodynamic disruption, thereby facilitating a cascade of biochemical and vascular events of which may impair normal sexual arousal responses. Additional studies using larger sample sizes as well as studies incorporating differing physiological assessments of sexual arousal would be beneficial in order to further elucidate the specific mechanisms by which nicotine may deleteriously affect women's sexual functioning. 
